Objective The aim of this meta-analysis was to provide an up-to-date review of the literature to enhance our understanding of how chronic health conditions (CHCs) affect siblings, both positively and negatively. Methods PsycINFO and Medline were systematically searched. Inclusion criteria were as follows: (a) 
Introduction
A number of studies investigated the impact of chronic health conditions (CHCs) on siblings' psychosocial functioning; nonetheless, the results appear to be difficult to synthesize (Faux, 1991; Houtzager, Grootenhuis, & Last, 1999; McKeever, 1993; Sharpe & Rossiter, 2002) . The most recent previous meta-analysis is >8-years old, many additional studies have been published and more data on moderating variables are available. Therefore, to advance our understanding of this important topic, reviewing new studies is necessary (Barlow & Ellard, 2006) . The aim of this study was to provide an up-to-date systematic review of the literature, building further on an earlier meta-analysis (Sharpe & Rossiter, 2002) by adding 13 (23%) new research reports with more data on moderating
Psychological Functioning
Psychological functioning will be defined both in terms of mental health problems and positive self-attributes, because to this date, positive psychological functioning has not been reviewed separately from negative psychological functioning. This is important, since the presence of negative functioning does not imply the absence of positive functioning and vice versa. Negative psychological functioning can be defined in terms of internalizing problems (e.g., depression and anxiety) and externalizing problems (e.g., behavioral problems, aggression, and social problems). Positive psychological functioning can be defined as age-appropriate, normative, healthy affective, and social functioning in response to stresses engendered by a pediatric CHC (Wallander, Thompson, & AlrikssonSchmidt, 2003) .
First, we hypothesized that CHCs entail important life events as well as daily hassles, which act as stressors for the affected child and his or her family (Kazak, Rourke, & Crump, 2003) . There are several ways in which siblings can be challenged by CHCs. Siblings may be confronted with severe sequelae of the CHC; they may feel that they are powerless by standers of the medical-care process; they may experience differential parental treatment due to disproportionate care for the affected child; they may be assigned extra care-giving and domestic responsibilities; and they may be affected by parental distress reactions (Adams, Preveler, Stein, & Dunger, 1991; Faux, 1991; . These stressors are associated with anxiety, depression, anger and jealousy (Adams et al., 1991; Faux, 1991; . The former meta-analysis indeed indicated an overall homogeneous significant negative effect (d þ ¼ À.09) of CHCs on siblings' functioning (Sharpe & Rossiter, 2002) .
Second, we expected siblings to be more inclined to internalize, rather than externalize their feelings because siblings of children with CHCs do not always ask for parental attention as much as they really want to (Taylor, Fuggle, & Charman, 2001) . Moreover, researchers have suggested that siblings keep their feelings to themselves to hide them from their already overburdened parents (Houtzager et al., 2005; Van Dongen-Melman, De Groot, Hählen, & Verhulst, 1995; Wood et al., 2008) . The former meta-analysis indeed showed a stronger effect for internalizing than for externalizing problems (Sharpe & Rossiter, 2002) .
Third, we stipulated that stressors may also generate resilient responses and reinforce personal assets (Rutter, 1990) . The experience of having resisted and recovered from major life events and daily stressors can reinforce siblings' positive self-attributes, such as, self-concept, self-esteem, and sense of competence. In support of this resilience hypothesis, a few studies found that CHCs enhance prosocial behaviors, independence, and competence in siblings (Adams et al., 1991; Faux, 1991; .
Moderating Influences on Siblings' Outcomes
Demographic Characteristics With regard to demographic characteristics, we hypothesized that younger children would be less negatively affected by CHCs than older children. Younger siblings' concepts of CHCs may protect them from appraising the situation as threatening, because parents and health-care providers are inclined to withhold difficult information from young siblings. At the same time, young children use their logic abilities to make spontaneous, naïve inferences which help them understand and accept the situation in their own way (Rubovits & Siegel, 1994) . Quite the opposite, older siblings are likely to be informed more elaborately and to possess the cognitive capacities to appreciate the consequences of CHCs more fully. Albeit that some studies also indicate that distress in siblings appears to lessen in response to better education about a child's condition (Lobato & Kao, 2005) . Nevertheless, parents may also place higher demands on older sibling's capacity for self-sufficiency and may expect them to take on relatively more care-giving and domestic responsibilities (Houtzager et al., 2005; Labay & Walco, 2004; Sahler et al., 1994) . If these responsibilities restrict social activities outside the home, this may conflict with the importance of developing peer relationships in adolescence (Houtzager et al., 2005) . Finally, older siblings may increasingly assume a manager role in relation with the affected child, which may lead to asymmetry in the sibling relationship (Lobato, Miller, Barbour, Hall, & Pezzullo, 1991; Silver & Frohlinger, 2000) . Consequently, the older sibling may be deprived from mutual sibling support and give and take experiences.
Furthermore, we formulated hypotheses about the moderating effect of CHC characteristics. In the research literature on pediatric CHCs, two general approaches can be discerned: a categorical and noncategorical (Gallo & Knafl, 1993) . Categorical studies focus on associations between illness-specific characteristics and psychological functioning. The assumption is that each CHC engenders specific stressors. In this respect, Sharpe and Rossiter (2002) found that most CHCs had negative effects, whereas cardiac diseases had positive effects on siblings functioning. Cardiac diseases are often treated by surgical intervention and do not necessarily affect daily functioning to the same extent as those CHCs requiring (daily) intrusive treatment regimes.
In noncategorical studies, shared characteristics of different CHCs are examined in association with psychological functioning. The assumption is that CHCs, despite their biomedical uniqueness, share similar characteristics (Pless & Pinkerton, 1975; Stein & Jessop, 1982) , such as functional impairments, visibility of impairments, mental retardation, intrusiveness of treatment, and life-threatening potential (Rolland, 1987; Stein & Jessop, 1982) . In line with Sharpe and Rossiter (2002) , we hypothesized that CHCs requiring intrusive treatment regimes affecting daily functioning (i.e., cancer, diabetes, anemia, and bowel disease) would have stronger negative effects than CHCs requiring surgical interventions without necessarily intruding daily functioning (i.e., cardiac anomalies, craniofacial anomalies, and hydrocephalus). Hence, we assumed that chronic daily hassles have a more negative impact on siblings than incidental major life events.
Methodological Factors
Concerning the second research question, Sharpe and Rossiter (2002) also documented moderation effects of methodological aspects of studies, such as, year of publication (effects in older studies were stronger than in more recent studies), informant (effects based on parent reports were more negative than effects based on self-reports), and comparison group (effects in studies with normative data were more negative than in studies with control groups), but not of sample size. In line with these findings, we hypothesized that the negative effects of CHCs on siblings in older studies would be stronger than in more recent studies. We expected a positive effect of improvements in research methodology and changed educational, medical, and political contexts since the 1960s and 1970s, which have incorporated more advocacy, intervention, and habilitation efforts aimed at optimal participation and inclusion of children with CHCs and their families in society (Sharpe & Rossiter, 2002) . Increasingly, parents of children with CHCs have become aware of the special needs in their well children. In 1987, a study showed that parents underestimated their well children's worries (Menke, 1987) . In contrast, a more recent study showed that mothers were more alert to their well children's concerns (Taylor et al., 2001) .
Further, we expected that studies with a low response rate were more likely to have excluded those siblings who avoid CHC-related stressors. Avoidance, in turn, may reflect a coping strategy that has been associated with mental health problems (Wallander et al., 2003) . Hence, we hypothesized that studies with a higher response rate would report stronger negative effects than studies with a lower response rate.
Study Outline
A meta-analysis of 56 research reports (52 studies) was conducted. First, the effects of CHCs on siblings' internalizing problems, externalizing problems, and positive self-attributes were investigated. We expected siblings of children with CHCs to have an increased risk for psychological problems, especially internalizing problems. In addition to the previous meta-analysis, we explored whether they also showed signs of resilience in their positive self-attributes.
Second, demographic moderation effects (gender, age, and birth-order position), type of CHC, intrusiveness of treatment, and life-threatening potential were examined and methodological moderation effects of year of publication, gender, sample size, response rate, informant, and comparison group were also tested.
Methods

Selection and Coding of Studies
A computer search in PsycINFO and Medline (December 2010) using the key terms ''pediatrics'' or ''child'' and ''illness'' or ''disease'' or ''disability'' or ''disorder'' or ''health condition'' and ''sibling'' or ''brother'' or ''sister'' and ''psychosocial'' yielded 77 abstracts. In addition to our PsycInfo and Medline searches, we also searched PubMed for any papers that had been missed. A search in the reference lists from previous reviews yielded another 19 studies. Independently, two authors (A.v.S. and I.V.) selected 56 abstracts based on three inclusion criteria: (a) peer-reviewed, empirical research report; (b) sample n ! 10; and (c) reports statistics on siblings' internalizing problems, externalizing problems, and/or positive self-attributes 1 . The inter-rater reliability was sufficient (Cohen's ¼ .63 ). Differences were resolved through discussion. Following, A.v.S. categorized the variables of each study as indicators of internalizing problems, externalizing problems, and positive self-attributes based on the definitions of the measures that had been used. I.V. checked this classification. Concurrently, I.V. made an inventory of 1 In this meta-analysis, we initially excluded studies that had been published prior to 1980, because we assumed that treatment options for some CHCs (e.g., Spina Bifida) have importantly improved since the 1980s. Since this time limit is a very arbitrary criterion, we reran our analyses including studies that had been published prior to 1980. The inclusion of these older studies did not affect the main results of our meta-analysis. methodological and demographic characteristics, which was checked by A.v.S. The methodological characteristics were: year of publication, sample size, response rate (%), informant (sibling or parent), and comparison group (control group or normative data). Demographic characteristics included: gender (% girls in the study sample), age (mean age), birth-order position (% siblings younger than the child with a CHC in the study sample), type of CHC, intrusiveness of treatment (little versus highly intrusive), and life-threatening potential (low versus high mortality). While we acknowledge that CHCs are very difficult to classify, we categorized CHCs in line with Sharpe and Rossiter (2002) . They identified CHCs requiring intensive day-to-day medical care, including strict diets, medication intake, injections and repeated medical interventions (e.g., kidney dialysis) as ''highly intrusive,'' and CHCs requiring surgical interventions (e.g., cerebral palsy), but no or little day-to-day medical care as ''little intrusive.'' Furthermore, we also used data on mortality rates for CHCs to estimate the life-threatening potential of CHCs (Newacheck & Halfon, 1998; Newacheck & Taylor, 1992) .
Some research groups published more than one research report about the same sample (Breslau, 1982; Breslau, Weitzman, & Messenger, 1981; Daniels, Miller, Billings, & Moos, 1986; Daniels, Moos, Billings, & Miller, 1987; Ferrari, 1984 Ferrari, , 1987 Houtzager et al., 2003; Houtzager et al., 2005; Houtzager, Oort et al., 2004; Sahler et al., 1994; Thornton et al., 2008; Wood et al., 2008; Zeltzer et al., 1996) . These reports were treated as a single study to eliminate overrepresentation in the meta-analysis. Other researchers published data on subsamples of siblings of children with different CHCs (Faux, 1991; Lavigne & Ryan, 1979; Stawski, Auerbach, Barasch, Lerner, & Zimin, 1997) . These subsamples were included in the meta-analysis as separate studies. Hence, the 56 identified research reports yielded k ¼ 52 studies.
Analysis Strategy
Weighted mean effect sizes Hedges' d þ were obtained as follows (Hedges & Olkin, 1985) : Separate effect sizes Hedges' d were computed for all study variables on the basis of published group means and standard deviations or t-test statistics (Hedges & Olkin, 1985; Wolf, 1986) . Positive d's reflect more internalizing problems, externalizing problems, and/or more positive attributes, and negative d's reflect fewer internalizing and/or externalizing problems and less positive attributes in siblings of children with CHCs relative to comparisons. Thereafter, the effect sizes d for the variables were clustered per study for internalizing problems, externalizing problems, and positive selfattributes. Finally, the weighted mean d þ was calculated across studies (Hedges & Olkin, 1985) . When looking at the overall effects, a negative sign reflects poorer performance of the siblings relative to the controls.
To check whether d þ encompassed zero, 95% confidence intervals (95% CI) were estimated. The magnitude of d þ was interpreted as: small %.20, medium %.50, large %.80 (Cohen, 1988) . To determine whether the set of d's on which d þ was based shared a common effect, homogeneity (Q) was tested (Hedges & Olkin, 1985) .
Publication bias was examined with a file drawer analysis (fail-safe n) (Cooper, 1979 ). This analysis is based on the assumption that nonsignificant results are less likely to be published than significant results. Fail-safe n reflects the number of nonsignificant studies necessary to reverse the weighted mean effect d þ . A fail-safe n exceeding the cutoff score of 5k þ 10 indicates against publication bias (Cooper, 1979) .
Finally, moderation effects of methodological and demographic characteristics on d þ were investigated. Pearson's correlations were computed to examine associations between continuous moderator variables and d þ . For categorical moderator variables, the homogeneity of d þ within (Q W ) and between (Q B ) categories were compared (Lipsey & Wilson, 2000) . The weighted average effect size d þ was considered to be moderated by a categorical variable if Q B was heterogeneous and Q W was homogeneous.
Results Descriptives
In total, 56 published manuscripts were eligible yielding 52 studies. An overview of the studies and their characteristics is presented in Appendix A. Year of publication was distributed as follows: 4 studies in the 1970s, 15 in the 1980s, 23 studies in the 1990s, and 10 studies since 2000. Sample sizes ranged from 10 to 254 participants (M ¼ 50, SD ¼ 52.55). Thirty-six studies included parents and 25 studies included siblings as informant. Further, 40 studies used control groups and 12 studies used normative data. Response rate was reported in 28 studies and ranged from 46% to 100% (M ¼ 78%, SD ¼ 15.36). Studies were mostly conducted in North-America (k ¼ 31) and Europe (k ¼ 12). Fewer studies from Asia (k ¼ 6) and Australia (k ¼ 3) were published. With regard to the demographic characteristics, the proportion of girls across studies ranged from 31% to 100% (M ¼ 54%, SD ¼ 13.16), siblings' mean ages varied from 5 to 16 years (M ¼ 10.73, SD ¼ 2.26), and the proportion of siblings younger than the child with a CHC, ranged from 0% to 80% (M ¼ 40%, SD ¼ 21.90).
Studies encompassed a range of CHCs of which 12 (23%) required little treatment and 31 (60%) required intrusive treatment (nine studies could not be coded because different CHCs were combined). Finally, 24 (46%) CHCs were coded as having low mortality rates and 22 (42%) as having high mortality rates (six studies could not be coded).
Effect Sizes
At study level, there was an overall significant small negative effect of CHCs on siblings [ Table I reflects moderation tests for the categorical variables. To test moderation of type of CHC, only those CHCs for which at least two studies were available, were used, because for a single study no within heterogeneity (Q w ) can be calculated. Still, the numbers of studies per category were very small; therefore, the magnitude of effect sizes per category should be regarded with caution. One exception was the category Cancer (k ¼ 11). Siblings of children with cancer were more likely to experience internalizing and externalizing problems than siblings of healthy children. Their level of positive self-attributes was also lower. Type of CHC nearly met the criteria for moderating the effect sizes of externalizing problems; however, the effect sizes for anemia and diabetes were heterogeneous. More stable moderation effects were found for intrusiveness of treatment and life-threatening potential. Children with CHCs requiring intrusive treatment had siblings with more internalizing and externalizing problems and less positive self-attributes, than children requiring little treatment. Similarly, the effects of CHCs with low mortality rates were significantly smaller than the effects of CHCs with high mortality rates. 
Methodological Moderator Variables
Discussion
The aim of this meta-analysis was to provide an updated systematic review of the research on sibling adjustment to CHCs. The present meta-analysis extends previous reviews in several ways. The inclusion of new studies (23%) allowed us to confirm a relatively stable negative overall effect of CHCs on siblings. Moreover, our analysis of internalizing problems, externalizing problems, and positive self-attributes separately resulted in a more differentiated view of how CHCs affect different areas of sibling functioning. Finally, the examination of several moderator variables enhanced the identification of groups of siblings that are particularly at risk.
How is the Psychological Functioning of Siblings of Children With CHCs in Comparison to Siblings of Healthy Children?
An overall negative effect of CHCs on siblings was found. This effect is smaller than the effect of CHCs on the affected children themselves (Lavigne & Faier-Routman, 1992) , but nearly identical to the effect found in the previous Sharpe & Rossiter, 2002) . The confidence interval in the former study, however, was somewhat wider (95% CI À0.14 to À0.02) than in our study (95% CI À0.14 to À0.06), which may be explained by our focus on internalizing problems, externalizing problems and positive self-attributes only and the fact that the effects of recent studies have become more stable. As expected, siblings were more at risk for internalizing than externalizing problems. Hence, siblings may indeed suppress their emotions and feelings because they are reluctant to ask their already overburdened parents for the attention they really need (Houtzager et al., 2005; Taylor et al., 2001; Van Dongen-Melman et al., 1995; Wood et al., 2008) . They may also have learned that going to their parents is not particularly effective given that the CHC of their sibling takes up their parents' time and emotional resources. Quite worrisome is that we did not find support for the resilience hypothesis; siblings did not have more positive self-attributes than comparisons; they actually had less positive self-attributes. This finding appears to be in line with a study on parentally bereaved children, which showed that self-attributes (i.e., selfesteem) mediate the relationship between stressful life events and internalizing mental health problems (Haine, Ayers, Sandler, Wolchik, & Weyer, 2003) . Haine and colleagues theorize that parentally bereaved children have less self-esteem, because the available parent is unable to provide a contingent responsive environment which causes these children to devalue their own needs for attention inducing feelings of helplessness and incompetence. In similar parent-child dynamics, siblings of children with CHC may be at increased risk of a vicious circle in which limited parental availability leads to the development of negative self attributes and internalizing problems. The lack of an overall positive effect of CHCs on siblings' psychological functioning suggests that this group of children is more vulnerable than previously thought, and that siblings of children with CHC deserve more attention in pediatric care. However, the variation in psychological functioning among siblings is considerable. Therefore, we were interested in factors that explain variations in the effects of CHC on siblings.
Can Variations in Siblings' Psychological Functioning be Explained by Demographic and Methodological Factors?
We investigated six demographic factors: gender, age, birth-order, type of CHC, intrusiveness of treatment and life-threatening potential. No significant moderation effects of gender, birth-order, and type of CHC were found. Given the literature on gender differences in the prevalence of internalizing (girls more than boys) and externalizing problems (boys more than girls) the lack of a gender effect was somewhat surprising. Our findings, however, were consistent with the previous meta-analysis (Sharpe & Rossiter, 2002) . The results of our meta-analyses may, however, not mean that there are no gender effects at all in siblings of children with CHCs. As Faux (1991) noted in her review, several studies found interaction effects of gender and age in siblings of children with CHCs. The direction of these interactions, however, varies across studies. Lavigne and Ryan (1979) , for example, found that younger siblings were more withdrawn than older siblings, especially younger sisters. Breslau and colleagues (1981) , in contrast, found that older sisters and younger brothers were more at risk for mental health problems. Hence, our metaanalysis may not have been sensitive enough to detect more subtle gender effects that interact with age.
The moderation effect of age suggests that younger siblings are less vulnerable than older siblings with regard to their self-attributes, but not with regard to internalizing en externalizing problems. This appears to support our hypothesis that younger siblings' naïve concepts of CHCs may protect them from appraising the situation as threatening (Rubovits & Siegel, 1994) , whereas older siblings may possess the cognitive capacities to appreciate the consequences of CHCs more fully and may be expected to be more self-sufficient and to take on more care-giving and domestic responsibilities (Houtzager et al., 2005; Labay & Walco, 2004; Sahler et al., 1994 ). An alternative methodological explanation may be that parents are most likely the reporters for young children's functioning, whereas older siblings probably provided self-report data. The age-effect may thus also be an artifact of reporter-effect. More research is needed to disentangle reporter effects and to confirm developmental trajectories in siblings' positive self-attributes.
Siblings of children with life-threatening CHCs and/or CHCs requiring intrusive day-to-day treatment had significantly more internalizing problems, externalizing problems and had significantly less positive self-attributes. The moderation effect of life-threatening potential was contrary to the results from the previous meta-analysis (Sharpe & Rossiter, 2002) . This may be explained by methodological differences. The current meta-analysis encompasses a number of recent controlled studies with high mortality and high intrusiveness groups (i.e., cancer and leukemia), which may have affected the results. Moreover, our results are in line with studies which indicate that children with life-threatening CHCs have less hope and a lower quality of life than children with nonfatal CHCs (Lash, 2005; Lavigne & Faier-Routman, 1992 ).
We investigated five methodological factors: year of publication, sample size, response rate, type informant, and type of comparison group. No moderation effects of sample size and response rate were found. Hence, we did not find evidence to suggest that families who refused to participate in studies on siblings have more avoidant coping strategies. Effects in smaller samples and samples with higher respondent attrition did not differ significantly.
We expected that improved treatment options and societal sensitivity to the psychological impact of CHCs in the past four decades would moderate the negative impact of CHCs on siblings through the years (Sharpe & Rossiter, 2002) . Our meta-analysis, however, did not reveal such an effect. The question is why improved treatment options and increased attention for the psychological dimensions of CHCs have not lead to decreased mental health problems in siblings? One reason may be that there is now much more that can be done for children with CHCs and therefore, CHCs may be more intrusive in day-to-day family life. Another reason may be that more burden is placed on siblings with more mothers working.
To our view, two lines of research are needed to answer this question. First, research is needed to identify those siblings who are particularly at risk for mental health problems and second, research is needed to investigate the principles of what works in helping siblings to cope with stressful events related to CHCs.
Type of informant moderated the effect of CHCs on siblings' self-attributes significantly, but for internalizing and externalizing problems no significance level was reached, albeit that the magnitude in effect sizes seem to differ. Parent reports yielded stronger negative effects from CHCs on siblings' self-attributes than sibling reports. Demo (1985) has suggested that self-reports and proxyreports on positive self-attributes, such as self-esteem, reflect two conceptually different dimensions: experienced self-esteem and presented self-esteem. The moderation effect may also support our hypothesis about the parentchild dynamics that we discussed earlier. Not only may siblings of children with CHCs withhold themselves in asking for attention for their negative emotions and feelings. They may also be inclined to keep their positive emotions to themselves. This might impair parents in recognizing and acknowledging the competences in their well children.
Comparison group also moderated the effect size for self-attributes, but not for internalizing and externalizing problems; effects in studies using normative data were significantly stronger than in studies using matched control groups. This moderation effect may be attributed to the control samples being more similar (i.e., a better match on demographic characteristics) to the healthy sibling samples than normative samples.
Methodological Constraints
Finally, both the studies that we reviewed and the meta-analysis itself had methodological weaknesses. The principal methodological limitations of most studies concerned sampling bias (nonrandomized selection and low response rate), flaws in study designs (lack of control group and cross-sectional designs), overreliance on parent reports (common method variance), and the omission of siblings' developmental stages (samples had wide age ranges). Moreover, too few correlational and longitudinal studies exist, which limited the possibility of examining moderation effects of important intrapersonal factors (e.g., temperament and coping styles) and socio-ecological factors (e.g., social support, parental support) (Wallander et al., 2003) on siblings' psychological functioning.
Conclusion
Overall, a significant small negative effect of CHCs was found on siblings. Siblings are especially vulnerable to internalizing problems. Younger siblings' positive selfattributes are less negatively affected than older siblings' self-attributes. Moreover, siblings of children with highly intrusive and/or life-threatening CHCs appear especially at risk for psychological problems.
Future research on siblings of children with CHCs should focus on the mechanisms of risk and resilience through studying moderating effects of important intrapersonal factors (e.g., temperament and coping styles) and socio-ecological factors (e.g., social support, parental support). Especially, the role of child disclosure of positive and negative emotions, parental contingent sensitivity, parentchild dynamics, and the longitudinal development of positive self-attributes and internalizing problems warrants further research.
Finally, we expect that services can be made more effective for siblings by focusing on the identification of those siblings who are especially at risk for mental health problems and by developing evidence-based sibling coping programs, especially targeted at these high-risk siblings. Our meta-analysis suggests that routine screening of siblings from children with life-threatening and/or highly intrusive CHCs could be a potentially effective strategy.
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